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SUMMARY 
From 1935 to 1939 inclusive, laboratory and field studies 
were made of the f)roduction, viability, impermeability, 
longevity and germination of seeds of Convolvulus arvensis L. 
and of other deep-rooted perennial weeds. A summary of the 
results is as follows: 
Bindweed plants, Convolvulus arvensis, produeed an abun-
dan·ce of seed in seasons of high temperature and low rainfall. 
Periods of cloudy weather restricted blossoming and seed pro-
duction. 
Production of normal seedlings by seeds, immediately after 
collection on the plants, varied from 7 to 24 percent, imper-
meability in the same collections varied from 28 to 91 percent 
and dead seeds ranged from 2 to 51 percent. The range in 
percentage of dead seeds in lots from 1 to 72 years old was 
2 to 100. 
Seeds 50 years old obtained from a Belgian herbarium showed 
approximately 62 percent viability. 
Germinability in bindweed seeds began from 10 to 15 days 
after pollination when the moisture content was 81 percent, and 
impermeability beeame pronounced from 23 to 25 days after 
pollination when the .moisture content was reduced to 13 per-
cent. 
In immature seeds colle0ted and stored at high temperatures, 
impermeability developed 1 to 4 days sooner than in seed 
allowed to mature naturally on the plants. 
Immersion of impermeable bindweed seeds in concentrated 
H 2S04 for 45 to 60 minutes resulted in rapid germination under 
favorable conditions. Concentrations of 50 and 25 percent 
for 2 and 9 months respectively gave results equal to the con-
centrated acid for 60 minutes. Moist air, water and soil at 
high and low temperatures reduced seed impermeability to a 
marked extent. 
A maximum of 48 percent of impermeable bindweed seeds 
germinated the following spring after being covered with a 
3-inch layer of soil in the winter months. 
Impermeable seeds of bindweed retained a considerable de-
gree of viability and impermeability for 4 years after burial 
in the soil at 6 and 18 inches. 
Seeds of Convolvulus arvensis planted at intervals of 2 weeks 
from April 25 to Sept. 26, 1936, germinated and produced 
plants at each planting. Maximum root penetration in the 
soil was approximately 68 inches. 
• 
• 
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Minimum, maximum and optimum temperatures for the 
germination of the seeds of five species of weeds were: 
Oonvolvulus arvensis 
Euphorbia esula ..... . 
Lepidium drab a ... . .. . 
Oentaurea repens .... . 
Solanum carolinense .. 
Minimum 
degrees C. 
0.5 
0.5 
0.5 
0.5 
20.0 
Maximum 
degrees C. 
40 
40 
40 
35 
40 
Optimum 
degrees C. 
30, 20-30 and 20-35 
20-30 and 20-35 
20, 20-30 and 20-35 
20-30 and 20-35 
20-30 and 20-35 
Horse nettle seeds that overwintered in immature berries on 
the surface of the soil were non-viable the following spring. 
Mature seeds were partially dormant, and the condition per-
sisted for 17 montill; in dry storage. 
Concentrations of oxygen below 21 percent were unf.avorable 
for the germination of seeds of Solanum carolinense and below 
10 percent were lmfavorable to seeds of Lepidium drab a, Oon-
volvulus arvensis and Euphorbia esula. C<)llcentrations 'as high 
as 53 percent oxygen were favorable for the germination of 
seeds of all but one of the four species. Seeds of Euphorbia 
esula did not germinate well at concentr'ations above 21 per-
cent. 
The viability of seeds of Lepidium drab a, Lepidium repens 
and Hymenophysa pubescens declined rapidly when buried in 
soil for 3 years at a depth of 4-6 inches. 
Seeds of Euphorbia esula retained their vitality well for 3 
years at 6 and 18 inches in the soil. 
Seeds -of Oentaurea calcitrapa and O. solstitialis in general 
were short-lived when buried in the soil, declining from 90 to 
10 percent or less in 3 years. Seeds of O. rep ens with one excep-
tion retained their vitality well. 
Dormancy either at the beginning of or after the seed-burial 
test was started was prominent in seeds of Solanum elaeagni-
folium and S. carolinense, but after 3 years of burial the 
dormancy had disappeared, and vitality was greatly reduced 
at the lower depth of 18 inches in seeds of the first species. Seed 
of S. carolinense germinated 98 percent after 3 years when 
buried at 4-6 inches, but at 16-18 inches practically all were 
non-viable . 
The Viability and Germination 
of Seeds of Convolvulus 
arvensis L. and Other 
Perennial Weeds1 
By E. O. BROWN and R. H. PORTER 
Within recent years field bindweed, Convolvulus arvensis L., 
and other deep-rooted perennial weeds have spread at 'an alarm-
ing rate in the United States, with the result that a need f.or 
effective methods of control has arisen. The dissemination and 
propagation of these weeds are in part dependent on the pro-
duction and subsequent germination of their seeds, hence a 
knowledge of the conditions under which seeds are produced 
and of the physiology of specific seeds is fundamental to the 
development of a long-time program of control. This bulletin 
presents data obtained in the years 1935 to 1939 inclusive, deal-
ing with laboratory and field studies of the production, viability, 
impermeability, longevity and germination of seeds of Convol-
vulus arvensis L. and of other deep-rooted perennial weeds. 
MATERIALS AND METHODS 
Seeds of field bindweed used in the tests reported were col-
lected in Iowa, Kansas, Nebraska, South Dakota, California, 
Belgium and France. Most of the seeds were produced in 1935 
or 1936, but those from France and Belgium were collected in 
1868 and 1887 respectively. Seeds of Russian knapweed (Cen-
taurea repens Boiss) and peppercress (Lepidium draba L.) were 
collected in Iowa, and samples also were oibtained through the 
courtesy of the California Agricultural Experiment Station at 
Davis; those of leafy spurge (Euphorbia esula L.) were collected 
in Iowa, and those of horse nettle (Solanum carolinense L.) were 
collected in Iowa and Virginia. The California Experiment 
Station also furnished seeds of star thistle (Centaurea calcitrapa 
L.), Barnaby's thistle (Centaurea solstitwUs L., Hymenophysa 
pubescens C. A. Mey., Lepidium repens L.) and white horse 
nettle (Solanum elaeagnifoUum Cav.) 
Tests for viability were made by placing the seeds on blot-
ters in copper trays so equipped that the blotters were kept 
moist by felt wicks which extended into water in the bottom .of 
the tray. The trays, unless otherwise stated, were kept in a 
germinator held at 20° C. for 16 hours and then transferred to 
a temperature of 30°C. for 8 hours each day. To determine 
'Project 559 of the Iowa Agricultural Experiment Station. 
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the effect of different temperatures on germination, separate 
lots of seeds were held for 1 to 7 months at temperatures of 
0.5, 5, 10, 15, 20, 20-30, 30, 20-35, 35 and 40°C. At regular 
intervals all normal seedlings were counted -and removed. 
The tests at 0.5 and 5°C. w.ere made in two separate com-
partments of the refrigeration laboratory of the Department 
of Botany, and those at 10 and 15°C. were made in incubators, 
fitted with thermostats, that were placed in the compartment 
maintained at 5°C. All other temperatures were obtained by 
the use of germinators in the Iowa State College Seed Lab-
oratory equipped either with a cooling or a heating unit. 
The germinability and impermeability of 'bindweed seeds at 
different stages of development were determined by testing seeds 
of known age from the da~ of blooming. Since bindweed flow-
ers open and dose the same day, it was possible to tag certain 
flowers and know the exa0t age of the capsules and their seeds 
and to make ·oollections of capsules at whatever age was desired. 
A study of impermeable seeds of bindweed was made by 
testing those that had been: 1. stored dry at room temperature, 
2. stored under different moisture and temperaturt: conditions, 
3. subjected to concentrated or dilute solutions of sulfuric acid, 
4. soaked in water at different temperatures, 5. planted in 5-
foot rows at three soil depths and 6. buried at two soil depths. 
Seed for longevity studies was mixed with soil and placed in 
a screw-cap vial with perforated cap. Several such vials were 
then placed in a glass fruit jar with a perforated cover and a 
% -inch hole drilled in the bottom of the jar. A trench was 
dug; soil from the trench was packed in each jar, and all jars 
were inclined with the bottom end up and buried in the trench. 
One set of jars containing seeds of the several species was buried 
at 16-18 inches and the other set at 4-6 inches. 
The effect of different oxygen pressures on seed germination 
was stgdied by placing the seeds in petri dishes under bell jars 
sealed with water. To obtain the desired pressures, the air 
under the jars was withdrawn and replaced with either oxygen 
or hydrogen. All the bell jars were held at room temperature. 
The number of normal sprouts obtained from 100 seeds of a 
set of 400 was examined for deviation from the normal by 
the use of Leggatt's (8) tables. Comparisons among sets of 
400 seeds of a species placed at different temperatures were 
also made by the use of the same tables in which the limit of 
probability for a significant difference is 0.0.25. 
EXPERIMENTAL RESULTS 
SEED PRODUCTION BY BINDWEED 
The production of seeds by bindweed has been reported to 
depend much on environmental conditions. In 1828 Smith (11) 
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reported his inability to find mature capsules of bindweed in 
Eingland. Fruwith (6) observed that bindweed always pro-
duced seeds scantily on ~ultivated land and abundantly in dry 
habitats, especially in seasons of deficient rainfall. He thought 
that calcareous and marl soils favored seed production and 
that heavy soils with abundant moisture were less favorable. 
He found it difficult to estimate the yield of seeds from normal 
plants in a given field because many plants did not produce 
any seed, and harvesting of the crop plants distuI'lbed seed pro-
duction by the bindweed. Under favoraJble conditions a dis-
turbed plant produced 25 to 35 seeds. In one field no more 
than 12 seeds per plant were produced, and on many plants 
the ovaries either did not develop further after the flowers 
opened or shriveled soon after some initial growth. Occasionally 
normal-appearing fruits contained no germinable seed. In one 
count 157 capsules collected from plants in cultivated .fields 
yielded 41 seeds, which were 6.5 percent of the possible max-
imum yield, allowing four seeds per capsule. The ratio of the 
number of seeds to the number of flowers was about 1 to 25. 
Fruwith pointed out that gametic conditions seldom bring about 
the maximum number of seeds per capsule. 
Kiesselbach, Petersen and Burr (7) observed that seed pro-
duction was favored by dry, sunny weather and might fail 
altogether in a rainy period. They thought that the number 
of seeds produced varied not only from one season to another 
but within the same season. In one place they found 1,419 
seeds on a square yard, while on a similar area under less 
favorable conditions, only 36 seeds were produced. Of 477 
flowers that were observed in 1923, 74.6 percent failed to set 
seed, 5.2 percent failed to mature the seeds set, and only 20.2 
percent produced mature seed, averaging two per capsule. 
Normally the number of seeds per capsule in Iowa and nearby 
states varies from one to four. Chrebtow (3) has reported 10 
seeds per capSUle. When three or four seeds are borne in a 
capsule, they are somewhat pear-shaped with two flattened faces 
and a dorsal rounded face. When two seeds are produced, 
they each have one flattened side, and when only one seed is 
formed, it is nearly spherical but slightly pointed at one end. 
The surface of mature seeds is rough with dense, warty pro-
tuberances greyish white in 0010r. The color of mature seeds, 
exclusive of the protuberances, is dark brown or almost black. 
Mature seeds measure about 3x4 millimeters and weigh an aver-
age of 10.6 milligrams. 
Seed production of bindweed plants was observed in Iowa 
and South Dakota in the seasons of 1934, 1935 and 1936. A 
great abundance of seed was produced in many counties of Iowa 
in the seasons of 1934 and 1936, both of which were defi0ient in 
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rainfall. In 1935 when an abundance of rain fell in most parts 
of the state, few seeds were found. Seed was found along road-
sides, in fields of small grain, lawns, pastures and waste places. 
In the eastern counties of South Dakota an abundance of seed 
was found not only in 1934 and 1936 but also in 1935 in areas 
of low rainfall. Bindweed plants in areas near Ames, Iowa, 
were found to produce no seed if rain or cloudy weather fol-
lowed immediately after blossoming. 
GERMINATION OF BINDWEED SEEDS 
Germination tests of freshly harvested seeds from several 
sources showed that not only were many seeds impermeable but 
that the degree of impermeability varied with the year and 
place of production. Seeds from several sources, including 
herbarium specimens from France and Belgium, were tested for 
viability and impermeability when obtained and 1 or 2 years 
later whenever possible. The sources of the seed, the year each 
test was made and the percentages of germinable, impermeable 
and total live seeds are presented in table 1. The last mentioned 
class includes the normal seedlings and those impermeable seeds 
that produced normal seedlings after treatment with sulfuric 
acid. In some cases not all of the impermeable seeds produced 
seedlings after treatment with the a·cid, which may indicate 
eithe'r that some impermeable seeds were not viable or that the 
acid killed some of them. 
The lowest percentages of normal seedlings and of imperme-
able seeds in any lot tested the year it was gathered were 7 
and 28 respectively, and, similarly, the highest percentages 
were 24 and 91 respectively. The percentage of impermea;ble 
seed in a lot remained constant in some cases, declined in others 
and in one case increased after storage. The mean percentages 
of germinable and impermeable seeds for all lots in the years 
collected, exclusive of those from France and Belgium, were 
15.6 and 68 respectively. 
Noticeable differences in germinability, impermeability and 
total live seed of lots produced in different localities were ob-
served. For ecx:ample, seeds collected in 1936 in Iowa, Nebraska 
and South Dakota were significantly different in percentages 
of impermeable and total live seed, the Nebraska lot having 
the highest and the South Dakota lot the lowest in both classes. 
On the other hand, the South Dakota lot collected in 1935 at 
Viborg was pr3iCtically equal to the Nebraska lot collected in 
1936. It is ibelieved that haJbitat and climatic conditions at 
the time of collection have more influence on the quality of 
seed obtained than does the year in which the collection is 
made. 
The presence of shriveled seeds in some lots reduced seed 
viability. The uncleaned lot from South Dakota contained 
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large quantities of such seeds, while the California and Nebraska 
lots contained very few or none at all. When the uncleaned 
lot from South Dakota was hand-picked to remove the shriv-
eled seeds, the percentage of dead seeds was reduced from 
51 to 10, and the percentage of hard seeds was increased from 
28 to 66. 
The viability of the hard seeds was determined by soaking 
them in concentrated H 2S04 for 60 minutes. This treatment 
followed by washing in water removed the seed coat and ex-
posed the white endosperm, after which germination occurred 
readily. The viability of freshly harvested, impermeable seeds 
ranged between 87 and 99 percent. The percentages of total 
live seed ranged from 78 to 94 with an average of 87. 
It is .of interest to note the viability of 50-year-old seeds ob-
tained from an herbarium specimen borrowed from the Museum 
of the Botanical Garden at Brussels, Belgium." A test of 50 
plump seeds showed that 8 percent was germinable, 54 percent 
was impermeable and 38 percent was dead. Two of the hard 
seeds were treated with acid, and they germinated readily. 
This indicated a possible total of 62 percent live seed in the 
hand-picked lot of 50 seeds. Because of a limited supply of 
the 50-year-old Belgium seed, only plump seeds were selected 
for the tests. Consequently, the proportions of germinable and 
impermeable seeds were higher than they would have been if 
such selectivity had not been practiced. 
This longevity of seeds from Belgium is believed to be a 
record for the germination of old seeds of C. arvensis. Schjel-
derup-Ebbe (10) has recently reported the germination .of some 
64-year-old seeds of C. flavus Willd. The extensive researches 
of De Candolle (4), Becquerel (1,2) and Ewart (5) on the 
longevity of seed!> stored in museums and he~bariums did not 
show any members of this genus to be particularly long-lived. 
A similar test of 71-year-old bindweed seeds obtained from the 
National Museum of Natural History at Paris showed that none 
of the 11 seeds selected was viable. 
The seed lots used in the tests reported in table 1 were stored 
dry in the seed laboratory at room temperature for 1-5 years 
and tested during successive years. Under the conditions of 
storage and the limited number of samples used, the percentag~ 
of germinable seeds did not vary greatly (table 2). On the 
other hand, the average percentage of dead seeds increased 
from 8 to 47 as the percentage of impermeable seeds decreased 
from 87 to 38 during the 5-year test. The percentage of total 
live seed was reduced from 87 to 49. 
'The writers are indebted to Professor W . Robyns. Director of the Botanical 
Garden at Brussels, and Professor H. Humbert of the National Museum of Natural 
History at Paris for the use of material obtained from their Herbariums. 
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TABLE 1. GERMINABILITY AND IMPERMEABILITY OF SEEDS OF 
CONVOLVULUS ARVENSIS OF DIFFERENT AGES AND FROM 
DIFFERENT LOCALITIES. AMES, lOW A 
I I 
Percentage 
"" 
.., 
I tl '" ., ., 
"" 
..,
.. 
., ~ .... 
'" 
:::: 
Source of seed .., , 
"" 
0 
" :a :a g:, ., ., '" :::: t; 
"" §'OO " 0 0 ., 
" 
., !l 
.' 
" 
~ ~ .S S z ~~ ... ~~ .... ... ... S ., 
"" " " 0 ... '" " ~ffi 0 ., ., ,,~ ., .§ .,H po. po. Z A C!} A il< 
France ______________________________ 
------
1865 1936 11 9 0 0 100 0 Belgium ____________________________ 
------
1887 1937 50 30 8 54 88 (62)" Hawarden, IOw8 ___________________ 1 1932 1935 100 12 2() 55 25 69 Hawarden, Iowa ___________________ 1 
------
1936 300 32 17 48 35 60 
Hawarden, Iows __________________ . 1 
------
1937 149 34 15 38 47 &1 Hawarden, IOw8 ___________________ 2 1934 1935 100 17 6 61 33 55 
Hawarden, IOw8 ___________________ 2 
------
1936 500 32 10 53 32 57 
Hawarden, IOw8 ___________________ 2 ------ 1937 323 34 4 63 33 53 
Ames, Iowa _______________________ . 1 1934 1935 348 22 47 34 19 81 
Ames, Iowa _______________________ . 1 ------ 1936 100 32 47 _ 38 15 85 
Ames, Iowa ________________________ 1 ------ 1937 165 34 52 31 17 83 
Ames, Iowa _______________________ . 2 1936 1936 100 32 13 75 12 78 
Ames, Iowa ________________________ 2 ------ 1937 121 36 28 59 13 79 
Viborg, South Dakota ____________ ------ 1935 1935 891 17 11 81 8 91 
Viborg, South Dakots ____________ ------ ------ 1936 541 52 5 83 12 83 
Viborg, South Dakota ____________ ------ 1937 532 36 5 85 10 84 
Hays, Kansas _____________________ ------ 1935 1936 446 30 19 58 23 67 
Hays, Kansas _____________________ ------ ------ 1937 749 36 12 71 17 72 Cali fornia __________________________ 
------
1935 1936 1,231 30 14 78 8 87 Californis __________________________ 
------ ------
1937 1,779 42 16 74 10 85 
York, Ne brasks ___________________ ------ 1936 1936 147 45 7 91 2 94 
York, Ne braska ___________ : _______ ------ 1937 149 36 5 93 2 93 
Yankton, South Dakota (uncleaned) ________________ . _______ 
------ 1936 1936 318 30 21 28 51 47 
Yankton, South Dakota (cleaned) _________________________ 
------
1936 1936 427 30 24 66 10 85 
Yankton, South Dakota (cleaned) _________________________ 
------
1936 1937 122 36 2.7 60 13 82 
*In this lot only two hard seeds were tested with acid. 
DEVELOPMENT OF GERMINABLE AND IMPERMEABLE SEEDS 
OF CONVOLVULUS ARVENSIS 
Several thousand flowers were marked with tags on each of 
2 days in 1936 for an investigation of the production of im-
permeable seeds in bindweed. On the sixth day after marking, 
and on each of 32 successive days, capsules' were collected and 
the seeds tested for moisture content and germination. 
Two groups of seeds were used. The first, Series A, consisted 
of seeds collected from an area that produced average or type-
size flowers that were marked on July 8, 1936. The second, 
Series B, consisted of seeds collected from an area that produced 
flowers somewhat lobed at the margin and considerably larger 
than the flowers from which the seeds of Series A were col-
lected. The flowers of Series B were marked on July 21, 1936. 
When the capsules were 20-24 days old, it became necessary 
~83 
to classify the seeds that were collected on the basis of the 
color and character of the seed coat. The groups, tested sepa-
rately for moisture content, were as follows: 
1. Whitish seeds 
2. Mottled seeds 
3. Soft or plump dark seeds 
4. Hard or shrunken dark seeds 
Usually ,all the seeds within a capsule fitted the characters of 
one of these four groups. 
The relation .of the mo,isture content and the age of seeds 
to the development of germinability and impermeability in each 
of the two series is shown in tables 3 and 4. Germinahility 
began on the tenth day for Series A and the fifteenth day for 
Series B. Impermea,bility began on the twenty-third day for 
Series A and the twenty-fifth day for Series B. 
TABLE 2. GERMINATION OF SEEDS OF CONVOLVULUS ARVENSIS 
STORED AT ROOM TEMPERATURES FOR 1 TO 5 YEARS 
AMES, IOWA, AND IN EUROPEAN HERBARIUMS 
Stored dry in laboratory 
at room temperature. 
Years 
None. ____ . __ . _____ . _________ _ 
1 ____________________________ . 
2 ____________________________ . 
3 _______________ .. ____________ . 
4 ___________________________ . 
5 _______________ , , ___________ . 
50 Belgium ______ . , _________ _ 
72 France _________ . _________ _ 
FOR 50 TO 72 YEARS 
Percentage 
I Imperme-
Germinable able 
OJ 
~ 
Po 
a ., ., .. .. ~ ., oS ., oS .. 
... 
.. ... 
0 <I '" <I 
., 
oS ,. oS ,. p:: < p:: < Z 
4 7-24 15 6&-87 87 
8 5-37 17 34-93 70 
fi a--47 14 3&-74 71 
3 4-52 16 31--{)3 54 
1 1~ 4b 
1 l~ ~8 
1 8 M 
1 0 0 
Percentage Percentage 
dead live seed 
., 
.S 
<l 
~ 
., 
.. 
oS ., 
'" +> .. .. 
<I ., oS ., oS 
., .. 
... 
.. 
... 
" 
<I l';! <I ., ... oS oS ,. ., p:: < p:: < il< 
8-12 8 78-94 87 
9 9~33 13 55-93 78 
8 10--32 Iii fi7-85 77 
30 17-33 30 58-83 70 
4Z 40 
------
I!O 
51 47 ----_. 49 
38 38 
-----
02 
100 100 0 
The data suggested that germinability in Series A began 
when the moisture content was reduced to 81 percent. With a 
moisture content of 75 percent, the germinability was high. 
Impermeability had developed when the moisture content was re~ 
duced to about 13 percent. With a moisture content of about 
11 percent, impermeability was high. Impermeability appeared 
in Series B when the moisture content reached 13 percent and 
was very pronounced at 9.59 percent. 
In addition to the preceding tests with Series A and B, cap-
sules were collected daily from the plants in Series Band 
stored at 0.5°0. and at room temperature long enough to equal 
28 days from the date of blooming. Twenty-eight days were ' 
considered sufficient for the seeds to have developed imperme-
ability had they been left on the plant. 
After 28 days in storage at the temperatures indicated above, 
the seeds were removed from the capsules and tested for im-
permeability. Other seeds, collected daily from both series, 
were held for approximately 24 hours at a temperature of 
96-100°0. and then tested for impermeability. 
Data on the temperature studies are incorporated ' in table 
5, which gives the age and description of the seeds, the occur-
rence of impermeability on the plant and the incidence of im-
permeability when the seeds were subjected to the three storage 
conditions. When the seeds of Series A were subjected sud-
denly to a temperature of 96-100°0. for 24 hours, imperme-
ability was induced in the 19-day-old seeds 4 days earlier than 
it occurred in the seeds that developed on the plants. In Series 
B impermeability was induced in 24-day-old seeds 1 day earlier 
than it occurred on the plants. These data suggest that if 
plants with capsules that had developed to the stage at which 
they were collected in these experiments were mowed and left 
in the field the seeds might either germinate soon or become 
impermeable and germinate later. 
TABLE 3. THE RELATION BETWEEN MOISTURE CONTENT, 
GERMINABILITY, IMPERMEABILITY AND THE AGE OF 
SEEDS OF CONVOLVULUS ARVENSIS. SERIES A. 
Age of seeds 
(days) 
AMES, IOWA. 1935 
Description 
of seeds 
Percentage 
Wt. of 1-------------------
10 seeds Germi- Imper-
(mg.) Moisture nabIe meabIe 
------------------1-------------- ------------
7 ___________ _______ - ___ -- -- ---. Whitish_____________ 126.5 83.24 o 0 8 _____ ______ __________ .. ______ . Whitish_ ____________ 187.9 82.70 o 0 9 ________________________ ---. Whitish_ ____________ 233.0 81 .57 o 0 10 _______________ ______ ---- ---' Whitish_ ____________ 251.2 81. 73 17 0 lL ____ _________ ___ ______ -____ . Whitish ______ .. ______ 253.0 77.69 20 0 12 _____ __ ______________ _______ . Whitish_ ____________ 233.8 75.79 80 0 13 ________________ ___ -- -- ----- Whltlsh ___________ ·__ 262.5 70.06 86 0 1. ________ . ____________________ . Whltish_ _____________ 256.7 67.93 100 0 15 _________ ______ -___ ______ --- Whltish_ ____________ 241.8 64.23 . 100 0 
16 __________ ___ __ ---- -- -- -- --- Whltlsh_ ____________ 278.0 63.13 100 0 
17' ___ .. _________________ ---- --. Whitlsh_ ____________ 288.0 61.67* 100 0 18 ______________ ___ ___ ___ -----. Whitlsh_____________ 255.5 59.69 100 0 19 _______ ________ - _____ ---- ---' Whltlsh_ ____________ 260.0 69.38 100 0 20 ___________________________ _ Whitish_ ________ ____ 246.0 60.00 100 0 
20 ____________ -- - ___ -- -- -- ---. Hard-black________ 121.4 14.00 100 0 2L ____ ________________________ . Whitish___ __________ 225.0 50.22 2L ___________________________ . Mottled _____________ . 184.0 45.76 
2L _____ ______________________ . Soft-dark_ _________ 156.2 36.00 2L ________ ____ _______________ . Hard-black________ 120.5 16.93 100 0 22 _______ _____________________ . Soft-dark _____________________________ _ 100 0 22 ____________________________ . Hard-black_____ __ _ 121.6 16.61 100 0 23 ________ ____________________ . Soft-dark _____ __ ______________________ _ 100 0 23 ___________ ________ -___ -----. Hard-black_______ _ 115.2 12.85 50 50 24 _________ .. _____________ .. ____ . Hard-bIack________ 95.3 10.84 o 100 35 _________ ______________ _____ . Hard-bIack ___________________________ _ o 100 50 ___________ _______________ __ . Hard-bIack ___________________________ _ o 100 
*RainfaII preceded collection on this day. 
~5 
TABLE 4. THE RELATION BETWEEN MOISTURE CONTENT, GER-
MINABILITY, IMPERMEABILITY AND THE AGE OF 
SEEDS OF OONVOLVULUS ARVENSIS. SERIES B. 
Age of seeds 
(days) 
AMES, IO"VA. 1935 
Description 
of seeds 
Percentage 
Wt.ofl--------------------
10 seeds Germ i- 1m per-
(mg.) Moisture nable meable 
----------1--------1------------
6-14 _______________________ -_. Whitish _____________ . ---------- ---------- o 0 15 ___ _________________________ . Whitish _______________________ ---------- 50 0 16 ____________________________ _ Whitish _____________ . __________ --_______ _ 50 0 17 ___ __ ______________ _________ _ Whitish _____________ . ---------- ---------- 100 0 18 ____________________________ _ Whitish _____________ . __________ ---------- 100 0 
19_ -_ -_ -- -- -- -- -r -- -- -- -- -- ----20 ____________________________ _ 
Whitish ________________________________ _ 
Whitish _____________ . 380.3 61.98 
100 0 
100 0 2L ___________________________ _ Whitlsh _____ ____ ____ . 404.6 61.42 100 0 22* ___________________________ _ Whitish _____ ________ . 345.8" 58.18 100 0 23 ____________________________ . Whitish _____ ________ . 339.0 58.14 100 0 24 _____ _______________________ _ Whitish _____________ . 322.5 56.00 
24 ____________________________ _ Mottled _________ ____ . 248.7 44.35 
24 ____________________________ _ Soft-dark__________ 218.0 31.65 
---------- ----------24 ____________________________ _ Hard-black ________ . 157 .0 20.13 100 0 25 ____________________________ _ Whitish _____________ . 345.8 54.24 
25 _______________ _____________ _ Mottled _____________ . 194.3 41.38 
25 _________ ___________________ _ Soft-dark__________ 202.0 29.15 25 ______ .. _____________________ _ Hard-black ________ . 127.6 13.32 67 33 26 _______ _____________________ _ Whitish ____ _________ . 395.0 57.04 
26 ____________________________ _ Soft-dark__________ 198.8 21.37 
---------- ----------26 ____________________________ • Hard-black_ _____ __ 134 .0 18.48 100 0 27 ____________________________ _ Whitlsh _____ ________ . 335.3 49.90 
27 _____ _______________________ _ Soft-dark__________ 199.2 18.25 ----______ 1 ____ __ ----27 ____________________________ _ Hard-black________ 138.2 14.45 100 0 28 ____________________________ _ Hard-black________ 172.4 14.97 93 0 29" ________ .. __________________ . Hard-black________ 179.1· 12.23 89 11 30 ____________________________ _ Hard-black_ ____ ___ 167.8 11.32 90 10 3L ______ __ ____ _______________ _ Hard-black________ 169.8 12.34 89 11 32* ___________________________ _ Hard-black______ __ 193.8" 16.22 90 10 33 ___ ____ __ ___________________ . Hard-black________ 173.4 11.88 90 10 34. ___________________________ _ Hard-black___ _____ 192 .2 15.82 80 20 35 ____________________________ _ Hard-black___ _____ 188.8 12.82 60 40 36 ____________________________ _ Hard-black___ _____ 154.4 9.59 10 90 37 _______________________ __ ___ _ Hard-black ___ __ ___ . 158.2 12.26 30 50 38 ___ _________________________ . Hard-black________ 143.0 11 .61 22 78 
*Rainfa ll preceded collections on these days. 
CARDINAL TEMPERATURES FOR THE GERMINATION OF 
BINDWEED SEEDS 
Impermeable bindweed seeds that had been soaked in con-
centrated H 2S04 for ,about 60 minutes germinated readily at 
a wide range of temperatures. Tests were made at 10 different 
temperatures, using 400 treated, plump seeds from each of two 
lots for each temperature. 
Over a period of 7 months some bindweed seeds germinated 
when the temperature was just above freezing (table 6) . 
Maximum and quickest germination was obtained at either 
30°, 30° or at an alternation of temperatures between 20-30°0. -
and 20-35°0. The germination of bindweed seeds in compari-
son with the germination of the four other weed seeds studied 
in this bulletin is shown graphically in fig. 1. 
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TABLE 5. DEVELOPMENT OF IMPERMEABILITY IN BINDWEED SEEDS ON THE PLANT AND WHEN SUBJECTED TO 
VARIOUS TEMPERATURES AFTER THE 
TIME OF COLLECTION 
Percentage of impermeable seeds 
Age of seed from Series A I Series B 
the date of Description 
flowering of seed Treatment 'l'reatment 
~u~ I 
-()--18-_-__ -.-__ -_-__ -_-_-__ -_-__ -.I-W-h-i-te---g-r-e-en-_-_-_ -_-__ . --1-0-~~ ___ ::---1 ~ ~ 
19 ___________________ · White-green _______ . 00 210 00 -----0---1· 00 00 20 ___________________ . White-green ___ ----. 
20 ___________________ Hard-dark ________ . 0 0 -------- -------- -------- --------2L ___________________ Green _______________ . ________ 100 0 0 0 0 
2L ___________________ Mottled_____________ ________ 40 -- ______ ----____________ --------
2L ___________________ Soft-dark _______ --- ________ 33 -------- -------- -------- --------
2L ___________________ Hard-dark_________ ________ 100 ___ .. ____ ----____ -------- --_____ _ 
22 ____________________ Green _______________ . _______________ . 0 0 0 0 
~~===================: ~o:~~J!~k::::::::: g ----00-- :::::::: ::==:::: :::::=::1::==::== 23 ____________________ Green _______________ . -------- -------- -------- 0 0 I 0 
23 ____________________ HSOafrt-d~daarkrk-_--__ -:::::: 500 ----60---- ==::::=: =:==::== ==:::=::1========  _  -----
!!====:=:::::::::::::: ~HS~Oa~r\d~d~-a;~~~=~~~~~~~ ::::50:::: ::==6:-7:::1:::::~:: j :::::~:: ::::=~:: 24 _________ ------ ----. 25 ____________________ Green _______________ . ________ .. _______ ________ 0 --______ --------
25 ____________________ Mottled _____________________________ 1 __ .. ____ 0 ________ ------__ 
~t::::::::::=::::::: M:E~~~!~~~:_~=_~~~: :::::::: =:==:::I~~~~~~ 1~ :::::::: :::::::: 26 ________________ .. ___ Soft-dark ______________ .___ ________ ________ 3 _______________ _ 
26 ____________________ Hard-dark __________ •.. ____ .. ______ ________ 0 0 
27 ____________________ Green _______________ . __________________ .. _____ 0 _______________ _ 
27 ____________________ Soft-dark _________ . ________ ________ ________ 7 _______________ _ 
27 ____________________ Hard-dark ________ . ________ 1________ 0 70 ________ . ______ _ 
28 ____________________ Hard-dark_________ ________ ________ 0 90 _______________ _ 
29 ____________________ Hard-dark_________ ________ ________ 11 100 _______________ _ 
30 ____________________ Hard-dark_________ ________ ________ 10 100 _______________ . 
3L _________ . _________ Hard-dark_________ ________ ________ 11 100 _______________ _ 
32 ____________________ Hard-dark ________ . ________ ________ 10 80 _______________ _ 
33 ___________ .. ________ Hard-dark_________ ________ ______ __ 10 100 ___________ ____ _ 
34 ___________ .. ________ Hard-dark _______________________ ._ 20 80 _______________ _ 
35 ____________________ Hard-dark_________ ________ ________ 40 80 . ______________ _ 
36 ___________ __ _______ Hard-dark_________ ________ ________ 90 100 . _______ . ______ _ 
37 ____________________ Hard-dark _________________________ 1 50 80 . ______________ _ 
38_~ _________________ Hard-dark _________ -------_________ 1 78 100 .---___________ _ 
Treatment 1. rrhe seeds were placed immediately in the germinator after re-
moval from the capsules . In the germinator they were held at an alteration of 
temperatures between 20° and 30°0., approximately 16 hours at the lower temper-
ature and 8 hours at the higher temperaliure. 
Treatment II. After removal hom the capsules, the seeds were placed in an 
oven at 96-100°0. for about 24 hours and then placed in the germinator as in 
Treatment 1. 
Treatment III. The capsules were held at room temperature long enough to 
equal 28 days from the date of flowering. The seeds were removed from the cap-
sules and placed in the germinator as in rrreatmenn 1. 
Treatment IV. The capsules were held at 0.5 0 0. long enough to equal 28 days 
from the date of flowering. The seeds were removed from the capsules and placed 
in the germinator as in Treatment I. 
~7 
TABLE 6. CARDINAL TEMPERATURES FOR THE GERMINATION 
OF SEEDS ON CONVOLVULUS ARVENSIS 
'1'emperature '0 
40 _________________________________ . 
35 ______________________________ - - _. 
20-35 ___________________________ __ ____ . 
30 ____ __ ______ _____ __________ _____ _ . 
20-30 ___________________________ ____ - __ 
20 _________________________________ _ 
15 ______ ! ______________ ________ - ___ . 
10 ______________________ - -___ - _____ . 
5 _________________________________ _ 
~~---------------. 
Lot No.1 Lot No.2 
Percentage Duration of Percentage Duration of 
germinable test days germinable test days 
2.8 
94.9 
00.5 
96.0 
00.3 
00.0 
95.5 
95.5 
11.3 
7.5 
29 
22 
10 
10 
10 
15 
61 
54 
210 
210 
-------------- --------- -----
97.5 4 
-------------- --------------
97 .0 5 
87.0 17 
DEGREE OF IMPERMEABILITY IN SEEDS STORED DRY AT 
ROOM TEMPERATURE 
Impenneable seeds collected during the years 1932-1936 were 
stored dry at room temperature and tested in subsequent years. 
The results - showed a slight reduction of impenneability in 
seeds that had !been stored for 2 years (table 7). Seeds col-
lected in 1932, but not tested until 1935, showed a reduction 
of 45 percent in 1936. No further reduction was obtained in 
1937. Treatment with acid showed that 81-100 percent or an 
ave-rage of 90.7 percent of the 1- to 5-year-old impermea.ble 
seeds was viable in 1937. 
EFFECT OF TEMPERATURE AND MOISTURE ON IMPERMEABLE 
SEEDS OF BINDWEED 
Impermeable seeds were stored under various conditions of 
temperature and moisture for 18 months in water (or ice), 
desiccators, moist chambers, in petri dishes and in soil. At 
the end of the period of storage the seeds were tested for 
germination. The results (talble 8) indicate that imperme-
ability of seeds was reduced both at high (40° C.) and at low 
temperatures (0.5°C.) when placed in petri dishes, soil or water 
and at low temperatures when placed in a moist chamber. Seeds 
kept in a desiccator were affected only slightly at any tempera-
ture. 
EFFECT OF VARIOUS CONCENTRATIONS OF H ,SO. ON 
IMPERMEABLE SEEDS OF BINDWEED 
Many investigators have used concentrated H 2S04 to bring 
about the softening and subsequent germination of hard seeds 
of various plants. Preliminary trials showed that concentr'ated 
H 2S04 used for 45-60 minutes on impermeaJble bindweed seeds 
permitted immediate germination. The effectiveness of dif-
ferent concentrations was determined by immersing imperme-
able seeds in solutions of different concentrations for varying 
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periods of time, after which the germinability was determined. 
Concentrated H 2 S04 was most efficacious in causing perme-
ability in the shortest period of time (table 9). A 50-percent 
·solution used for 2 months and a 25-percent solution used for 
9 months gave results equal to those of the concentrated acid 
when used for 90 minutes. The lower concentrations, 2.5 per-
cent and less, gave only slight increases in permeability and 
germinaJbility. 
EFFECT OF IMMERSING IMPERMEABLE SEEDS OF BINDWEED 
IN WATER AT DIFFERENT TEMPERATURES 
Seeds of O. arvenS'is that were 99.5 percent impermeable were 
immersed in hot water 'at temperatures ranging from 52 ' to 
1000 C. The time of immersion varied from 10 minutes to 48 
hours. Seventeen test tubes each containing 100 seeds immersed 
in distilled water were placed in a beaker containing distilled 
water and held at a given temperature for the duration of the 
test. Separ'ate groups were kept at the following temperatures : 
52-53 0 , 66-69 0 C. and at that of boiling water. At intervals 
ranging from 10 minutes to 48 hours a test tube was removed 
fTom each group and the seeds transferred to blotting paper 
and tested for permeability as measured by germination or 
swollen seeds. Seeds kept in boiling water were removed at 
5-minute intervals for a period of 90 minutes and then placed 
in the germinator. 
After 20 days in the germinator the number of impermeable 
seeds was determined in each test, and the results are shown in 
table 10. The longest time interval for anyone temperature 
did not reduce the number of impermeable seeds any more than 
the shortest time interval at that same temperature. The most 
TABLE 7. DEGREE OF IMPERMEABILITY IN SEEDS OF CONVOL-
VULUS ARVENSIS STORED DRY AT ROOM TEMPERATURE 
AND EXAMINED IN SUBSEQUENT YEARS 
Source of seed 
Hawarden, Iowa _______________ 
Hawarden, Iowa _______________ . 
Hawarden, Iowa _______________ . 
Hawarden, Iowa _____________ --. 
Ames, Iowa ______ . ____________ ,_ 
Ames, Iowa _______________ -----. 
Ames, IOWR _____________ ---_____ 
Viborg, s. D. _______ .. - -_______ . Calif. _________________ -------- -- . 
Hays, Ran. ________ ___ -________ . 
York, Neb. _______ ______ -- -_____ 
Yankton, s. D. ________________ 
Year 
Lot No. collected 
1 1932 
1 1932 
2 1934 
2 1934 
I 1934 
1 1934 
2 1936 
--.--------. 1935 
. ----------- 1935 
------------
1935 
------------
1936 
------------
1936 
Percentage of 
Impermeable seeds 
1935 1936 
100 55 
----------_. 100 
100 88 
. __ .-------- 100 
100 96 
------------
100 
----.-._---- 100 
100 94 
.---------- - 100 
------------ 100 
--.------ --- 100 
----_.------ 100 
1937 
44 
97 
88 
98 
96 
100 
88 
94 
93 
99 
99 
99 
...l"89 
effective treatment was at nearly 100°C. Since the number of 
impermeable seeds did not correlate with the length of time 
fOT which the seeds were subjected to a 'given temperature, an 
average was made of the tests at each temperature, irrespective 
of time. It is of some significance that approximately 58 per-
cent of the seeds sUlbjected to boiling water for different periods 
of time remained impermeable. 
TABLE 8. THE EFFECT OF MOISTURE AND TEMPERATURE ON 
IMPERMEABLE SEEDS OF BINDWEED 
Percentage of impermeable seeds that became per-
meable and germinable after storage for 18 months 
Temperature ·0 Air 
(Petri Moist Water 
Desicca tor dish) Soil chamber (or ice) 
-----------------1 
40 _______________________________ . 2 84+ 84+ 30________________________________ 3 4 ____________ 11 
Room ___________________________________________________________________________ _ 
20_______________ _________________ 3 ____________ ____________ 22 
10________________________________ 2 9 8 20 5________________________________ 0 ____________ ____________ 25 
0.5_____________ ________________ _ 0 45 36 31 
-7 to -18_ ______________________ 1 30 38 53 
84+ 
19 
3 
9 
35 
4 
TABLE 9. THE EFFECT OF VARIOUS CONCENTRATIONS BY VOL-
UME OF H ,SO, ON IMPERMEABLE SEEDS OF 
CONVOLVULUS ARVENSIS 
No . seeds in the test 
138 _______________________________________ _ 
16L ______________________________________ _ 
166 _______________________________________ _ 
158 _______________________________________ _ 
156 _______________________________________ _ 
149 _______________________________________ _ 
174 _______________________________________ _ 
172 _______________________________________ _ 
163 _______________________________________ _ 
347 _______________________________________ _ 
337 _______________________________________ _ 
353 _______________________________________ _ 
674 _______________________________________ _ 
665 _______________________________________ _ 
596 _______________________________________ _ 
574 _______________________________________ _ 
64L ______________________________________ _ 
1,004 _______________________________________ _ 
'Distilled water. 
Percentage 
concen-
tration 
of HoSO. 
100 
100 
100 
100 
100 
75 
75 
75 
75 
50 
25 
12.5 
10 
5 
2 .5 
1.25 
.63 
0 .00" 
Seeds rendered 
permeable Duration 
of 
No. Percentage treatment 
134 98 90 minutes 
158 98 75 minutes 
155 93 60 minutes 
136 86 45 minutes 
131 84 30 minutes 
112 75 60 minutes 
137 79 45 minutes 
112 65 30 minutes 
61 37 15 minutes 
347 100 2 months 
337 100 9 months 
233 66 13 months 
841 51 15 months 
70 11 15 months 
43 7 15 months 
29 5 15 months 
26 4 15 months 
32 3 15 months 
1 90 
TABLE 10. EFFECT OF IMMERSING IMPERMEABLE SEEDS OF 
CONVOLVULUS ARVENSli> IN WATER AT DIFFERENT 
TEMPERATURES 
Percentage of impermeable 
seeds after treatment 
Duration of treatment 
52-53°0 . 66-69°0. 99-1()()oO. 
---- ----1·----
10 minutes___ ____ __ __ __________ ____ ____ ____ __ __ __ __ _______ 97 71 
20 minutes _________________________________ -_____________ . 96 77 
25 minutes _______ __________________ _____________ _____ -__ ___________________ ______ _ 
30 minutes ________ _____________________ -_________ -_______ . 98 80 
35 mlnutes ___ ___ __ _____________ -_______ ------ -- ---- -- ----. _______________________ _ 
40 minutes __________ _____________ -- -- -- ------ -- -- -- ______ . 100 78 
45 minutes _________________________ ________________ -_____ . _______________________ _ 
50 minutes ___________ ______________ ______________________ . 98 80 
55 minutes ___________ ________________ ---_____________ -___ . ___ __________ ___ _______ _ 
60 minutes _______________________________________________ . 99 76 
1 hour, 5 mlnutes ___ __________________________________ . _______________________ _ 
1 hour, 10 minutes ___ __________________________________ . _______________________ _ 
1 hour, 15 minutes_____ _______________ __ ________________ 92 77 1 hour, 20 mlnutes _____________________________________ . __ __________________ ___ _ 
1 hour, 25 minutes ___ ____________________________________ ____________________ __ _ 
1 hour, 30 minutes_ ___ _____ _____________________________ 98 80 
1 hour, 35 minutes ____________ ___________________________ ______________________ _ 
1 hour, 45 minutes_ _____________________________________ 96 82 
2 hours_____________ ____ _________________________________ 99 78 
2 hours, 30 minutes_____________________________________ 97 77 
3 bours_____________ _____ ________________________________ 99 74 
4 bours___________ _______________________________________ 94 80 
5 hours __________________ _______________________________ - 96 84 
12 hours _______________________________ -_____ -_____ ---_ __ _ 100 85 
24 hours_______ __________ _________________________________ 97 88 
48 hours_________ ______ ________ __ __ __ __ _____ ___ ____ __ ____ _ 95 80 
57 
53 
54 
60 
63 
57 
54 
58 
65 
62 
53 
56 
53 
62 
59 
52 
64 
---- ----1----A verage _____________________________________________ _ ()7 .1 79 .3 57.7 
REDUCTION OF IMPERMEABILITY IN SEED WHICH HAD OVER-
WINTERED IN THE SOIL 
To determine the effect of overwintering in the soil on hard 
seeds, approximately 530 bindweed seeds were planted in each 
of 16 5-foot rows in August, 1936. Ten rows were planted 3 
inches deep, two rows 4.5 inches deep and four rows 5-6 inches 
deep. As soon as the seedlings emerged, they were counted 
and pulled. Table 11 gives the percentage germination in each 
row in the fall of 1936 and the spring of 1937. The total 
germination in the 3-inch rows ranged from 21.3 to 48.0 per-
cent. This was an average of 31.8 and an increase of 17.8 
percent over the laboratory test of 14.0 percent. A test with 
a lot of the same seed that had been stored dry at room temper-
ature gave an increase of 2 percent. Germination of the seed 
in rows 4.5 and 5-6 inches deep averaged 5.7 and 2.1 percent, 
respectively. Failure of seeds covered nearly 6 inches with 
soil to produce seedlings may have been due either to inrubility 
of the seedlings to emerge or to continued impermeability. 
Data in table 18 suggest that the latter may have been im-
portant. 
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The data indicate that as much as 48 pel'cent of the hard 
seeds may become permealble in one winter if the seeds are not 
more than 3 inches deep in the soil. The average percentage 
was 29.9. 
GERMINATION OF SEEDS OF HORSE NETTLE, 
SOLANUM OAROLINENSE L . 
Horse nettle seeds are iborne in small berries characteristic 
of the family to which th~ plant belongs. The seeds are small, 
flat, disk-shaped, yellow to brown and resemlble those of the 
wild ground cherries with which they are sometimes confused. 
From a given lot of berries a large number of chaffy, empty 
or undeveloped seeds, may ibe obtained. A preliminary ob-
servation showed that many of these came from the small, 
immature berries from the distal portion of the raceme, but 
they also occurred abundantly in the earlier and most mature 
berries in the raceme. 
Horse nettle plants grown from seed planted on April 25, 
1936, at Ames, Iowa, produced many berries the same year the 
seeds were planted. Those planted 2 weeks later produced 
fewer berries that contained seed of low viability. Those 
planted 4 weeks later did not bloom. The berries produced by 
the plants of the two earliest plantings were collected on Nov. 
28, 5 weeks after the first frost, and classified as follows: 
Seeds planted on April 25-
1. Large yellow berries usually from the earliest blooming 
flowers in the raceme. 
2. Medium yellow berries from the middle portion of the 
raceme. 
3. Small yellow berries from the distal portion of the 
raceme, immature and softened by the frost. 
4. Green, medium-sized, hard, immature berries not soft-
ened bv the frost. 
Seeds planted on May 9-No classification; mostly small ber-
ries. 
The seeds from the berries in the above groups were harvested 
separately. Most of the seeds were empty and chaffy, and no 
effort was made to separate these from the plump ones. Germin-
ation tests ofa small portion of the seeds gave the following 
results after 40 days at 30°C. 
Percentage 
Da te planted Descri ption of berries 
No. seeds Germl-
tested nation Dormant Dead 
April 25 ________ 1. Large yellow berries ___ 354 15.8 2.3 81.9 
2. Medium yellow berries __ 526 12.0 .2 87.8 
3. Small yellow berries ____ 449 1.1 .0 98.9 4. Green berries ___________ 199 37.0 3.0 60.0 No classification ____ _______ 92 1.1 .0 98.9 
TAB LE 11. GERMINATION OF IMPERMEABLE SEEDS OF CONVOLVULUS ARVENSIS WHEN PLANTED IN THE 
SOIL AT THREE SOIL DEPTHS IN COMPARISON WITH SEEDS STORED AT ROOM TEMPERATURE 
Labor-
Percentage germination in each 5-foot row 
3 inches deep 
4-5 inches 
deep 5-6 inches deep Time of germination 
atory 1---:---:----------------- -----------
test 
_ _________ 1 __ 1_1_2 1_3_1_4_1_5_1_6_1_7_1_8 1_9_1~~1_2 1_1 1_2_1_3_1_4 
Summer, 1936 ______ __ ________________________ 1 14.0 I 6.41 5.61 7.21 4.1 I 1.7 [ 2.21 6.61 6.81 4.71 2.41 1.31 2.1 Spring, 193. ______ ___ ___________________ _____ . 16.0 14.9 35.4 30.1 17.3 20.0 24.7 24.7 41.2 21.5 20.9 5.5 2.4 .21 2.3 I 1.91 1.9 
.2 .4 1.5 .0 
TotaL ______________________ __ ____ __ 'I ________ 1 21.3141.0 137.3121.41 21.7126.91 31.3148.0 126,2123.31 6.81 4.5/ .41 2.7/ 8.4 11.9 
Increase over laboratory tesL ______ ____ __ , ---;:017:3 27.0 23.S -7.4' ~ 12.9 ru 34:0 ~ --;3 == == == == == == 
~ 
~ 
...493 
The results indicated that the few, hard, green-colored ber-
ries contained the largest percentage of germinable seed and 
the lowest percentage of dead seed. It was not determined 
whether the dead seeds were immature or were killed iby freez-
ing. The hard, green berries apparently had been least dam-
aged by the first frost arid the frosts thereafter for 5 weeks. 
In the following spring additional berries that had over-
wintered on the surface of the soil were collected from the 
same plants. Some of these were damp, the pulp being quite 
viscid. All the seeds from the moist berries were dead when 
removed and tested for germination. Other berries were dry 
and appeared to be mature. Six percent of the seeds from the 
larger dry berries germinated while only 1.5 percent of those 
from the smaller berries germinated. The remaining seeds in 
both sizes were all non-viable. 
A test of another lot of seeds collooted from older plants 
showed a high percentage of dormant seeds. This test was 
continued for 17 months on moist filter paper in petri dishes. 
The berries were graded according to apparent degrees of ma-
turity and the seeds in each group tested separately. At the 
conclusion of the test the filter paper was allOowed tOo dry out, 
and the remaining seeds were stored for 1 year at 30°C. in the 
original dishes, then water was added to tne sWbstratum and 
the test continued. The results (table 12) indicated that 
dormancy developed to a greater extent in the seeds Oof mature 
. horse nettle berries than in less mature berries. 
TABLE 12. GERMINATION OF SEEDS OF SOLANUM GAROLINENSE 
FROM BERRIES OF DIFFEhENT DEGREES OF MATURITY 
Percentage ger-
mination of 
<1 Percentage germination of dormant seeds 0 fresh seeds after 1 year 
'" 
of storage 
.... 
~ .., I 
'" '" '" '0 .'!l <1 
'" '" Description of berries a 
.S .i:l ;; <1 .., 
<l 0 '" '" In a ~ OJ .. 0 <:l ..,.., 
"'" 
!l a :!l 
I 
" -0 <1'" ..,'
'" " 
<1 ",'" ~rE '" O! ~ 's 
.., 
a'" ~ .., '0 i'::'" 0 M 
.., 
" 
.... ~ .... ~ 
",.0 
"' '" 
0 
'" 
0 
'" '" 
00 
Po< Z I"< Z E-< A A C!l Z A 
. 
Ma ture _____________________ .. 64.3 89 16.9 0.0 16.9 13.5 69.6 37.0 53.9 32.6 Less mature _________________ 74.7 151 40 .0 29.5 69.5 1.3 29.2 16.8 88.1 10.6 Least mature ________________ 75.1 191 36.0 28.9 64.9 2.6 32.5 29.4 94.3 3.1 Immature __ . _________________ 77.7 63 13 .0 58.4 71.4 17.5 11.1 9.5 80.0 1.6 
The seeds used in the studies to determine the effect of tem-
perature on germination were collected in Virginia in 1934 and 
were about 1V2 years old at the time of the tests. They germi-
nated over a longer period of time and within a more restricted 
range of temperatures than any of the seeds reported in this 
study. Practically no germination was obtained at tempera-
tures of 20°0. and below. Best results were obtained when 
the seeds were held at alternating temperatures of 20-30.°0. 
or 20-35°0. The results of germination tests of 400 seeds from 
each of two lots from which most of the chaffy seeds had been 
removed are given in table 13 and are shown graphically in 
fig. 1. . 
TABLE 13. CARDINAL TEMPERATURES FOR THE GERMINATION 
OF SEEDS OF SOLANUM CAROLINENSE 
Lot No.1 Lot No.2 
'l'em per a ture C. 
germination of test germination of test 
Percentage Duration Percentage I Duration 
----------.-- - ,---1-----1- -·-- ------
40· ________________________________ . 
35· ________________________________ . 
2()..35· ________________________________ . 
30· ________________________________ . 
'l(}-30· ________________________________ . 
20' ________________________________ . 
15· _______________________________ . 
10· ________________________________ . 
5· ______ .. _________________________ . 
0.5· ______________________________ .1 
.25 
34.00 
87.00 
53.00 
84.25 
.75 
.00 
.00 
.00 
.00 
37 days 
16 days 
34 days 
6 days 
12 days 
25 days 
41 days 
6 months 
9 months 
9 months 
.13 11 days 
62.00 20 days 
73.25 32 days 
4.00 18 days 
.00 18 days 
GERMINATION OF SEEDS OF PEPPER CRESS, 
LEPIDIUM DRABA L. 
The seeds of perennial peppergrass are small, reddish, ovoid 
and somewhat flattened. Those used in the following tem-
perature studies were oibtained from Oalifornia. They germi-
nated over a wider range of temperatures than any of the 
seeds reported in this bulletin. During a test of 5 months' 
duration 63.8 percent germination was obtained at 0.5°0. 
(table 14 and fig. 1). Maximum germination was obtained at 
200, 20-30.°, 30° and 20.-35°0. 
TABLE 14. CARDINAL TEMPERATURES FOR THE GERMINATION 
OF SEEDS OF LEPIDIUM DRAB A 
Temperature C. 
I Lot No.2 
1-----,-----
Lot No.1 
germination of test germination of test 
Percentage Duration I Percentage Duration 
---------------1-----1-----'------------
40· _____________________ , _________ _ 
35~ _______________ _ 
2Q-1l5. --------- -----------------------30· _______________________________ _ 
2<Hl0· _______________________________ _ 
20· _______________________________ . 
15· _______________________________ _ 
10· _______________________________ _ 
6· _______________________________ _ 
0.5· _____________________________ _ 
4.8 
53.5 
80.0 
78.3 
80.5 
77.8 
74.0 
71.8 
73.0 
63.8 
30 days 
23 days 
23 days 
59 days 
23 days 
16 days 
41 days 
6 months 
6 months 
6 months 
.9 11 days 
92.5 20 days 
93.0 14 days 
88.3 20 days 
79.8 21 days 
~95 
GERMINATION OF SEEDS OF RUSSIAN KNAPWEED, 
CENTAUREA REPENS L. 
The seeds of this species aJ:'e somewhat whitish and flattened, 
having the general shape of very small sunflower seeds. Fre-
quently many of them that appear to be completely mature aJ:'e 
infertile. The seeds used in this study were collected in Cal-
ifornia. They germinated at the lower temperatures as readily 
as did those of Lepidium drab a,. Maximum germination was 
obtained at 15 0, 200, 20-30° and 20-35° C. and the optimum 
is probably 20-35°C. (table 15 and fig. 1). 
TABLE 15. CARDINAL TEMPERATURES FOR THE GERMINATION 
OF SEEDS OF CENTAUREA REPENS 
Lot No.1 Lot No.2 
Temperature C. 
Percentage Duration Percentage Duration 
germination of test germination of test 
40' ___________________________ ______ .0. 82 days 20.5 18 days 85' _________________________________ 82.0 82 days 
20-85' _________________________________ 98.0 22 days 
30' ________________________________ . 66.0 5 montbs 72.8 19 days 2Q-30' ________________________________ . 91.0 28 days 91.8 32 days 20' ________________________________ . 91.0 86 days 68.5 18 days 15' ________________________________ . 88.5 88 days 
10' _________________________________ 74.0 5 montbs 5.0 18 days 5' ___ ____________ _________________ . 75.5 9 montbs 
_-,-0_,.5_' -_-_--_--_-_--_-_--=-__ '_.--'--=--"'-_---'.-"'---=---_-_--.-C. _~4'-.9-'.5---9:....:::m:..:;0;::n.:.::tb=s_,--- -- -- -- -- -- - ----________ __ 
GERMINATION OF SEEDS OF LEAFY SPURGE, 
EUPHORBIA ESULA L. 
The seeds of leafy spurge are roundish and ovoid, brown or 
gray and bear a conspicuous caJ:'uncle near the point of attach-
ment. Those used in this study were collected in southeastern 
South Dakota. Germination tests of two low-quality samples 
TABLE 16. CARDINAL TEMPERATURES FOR THE GERMINATION 
OF SEEDS OF EUPHORBIA ESULA 
Temperature 
C. 
40' _________________ . 
35' ________ .. _______ . 
20-35' _______________ __ 
30' _________________ . 
20-30' _________________ . 
20' _________________ .1 15' _________________ . 
10' _________________ . 
5' ________________ __ 
0.5' _______________ . 
Lot No.1 
Percent-
age 
germ i-
nation 
8.0 
12.0 
81.0 
15.0 
32.0 
17.0 
8.0 
8.0 
8.0 
8.0 
Duration 
of test 
1 montb 
28 days 
23 days 
2 montbs 
28 days 
4 montbs 
23 days 
47 days 
1 month 
8% montbs 
Lot No.2 Lot No.3 
Percent- Percent-
age age 
germ i- Duration germ i- Duration 
nation of test nation of test 
8.0 18 days 
19.0 20 days ~7.0 2'% months 
80 .0 32 days 78.5 53 days 16.3 18 days __________________ _____ _ 
1.3 18 days _______________________ _ 
-.196 
100 
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TEMPE12ATUgE IN DEGREES CENTIG12ADE 
Fil:'. 1. The effect of different temperatures on the germination of seeds of 
Oonvolvulus arvensis, Solarvum carolinense, Lepedium draba, Euphorbia esula and 
Oentaurea ,.epens. 
indicated that a few seeds may germinate at low temperatures. 
Maximum germination was obtained at alternations of 20-30° 
and 20-35°0. and the optimum temperatures appear to be be-
tween 20 and 35°0. 
GERMINATION OF WEED SEEDS UNDER VARYING 
OXYGEN PRESSURES 
A number of workers have shown that changing the partial 
oxygen pressure of the atmosphere resulted in an increased 
germination of seeds of several species of plants. Seeds of 
four of the species under consideration were germinated in dif-
ferent concentrations of oxygen in air, using the method de-
scribed by Morinaga (9). To obtain the oxygen pressures de-
sired the seeds were arranged on three thicknesses of moist 
blotting paper in petri dishes without covers, then placed on 
tripods that were regularly spaced in a large rectangular pan. 
A bell jar was placed over each tripod. Water was poured into 
the pan to provide a water seal as well as to displace the air to 
be withdrawn. Sufficient air to give the desired mixture was 
then withdrawn by means of a rubber tube and replaced by 
pure oxygen to give increased oxygen pressure and by hydro-
gen to give decreased oxygen pressure. At the end of 11 days 
the readings were made and the experiment concluded. 
TABLE 17. PERCENTAGE GERMINATION (AFTER 11 DAYS) OF NOXIOUS WEED SEEDS IN VARIOUS 
CONCENTRATIONS OF OXYGEN 
In 
In reduced oxygen normal In increased oxygen 
Species air 
No. 
trials 4.2% 8.4% 10.5"'/0 12.6% 16.8% 21.0% 36.8% 52.6% 60.5% 68.4% 
---- ------------ --------
----
------------
Convolvulus arvensls __________ 2 79 79 79 82 82 86 86 96 78 78 
Convolvulus arvensls (im-perme able) ___________________ . 1 0 0 0 0 0 0 0 0 0 0 Euphorbia esula _______________ . 4 16 S8 49 52 52 58 40 39 81 31 Lepidium draba ________________ 2 0 81 92 92 98 98 93 90 86 74 Solanum carolinense ___________ 2 2 2 14 140 16 18 44 27 21 12 
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CONCENTRATION OF OXYGEN 
Fig. 2. The effect of various oxygen pressures on the germination of seeds 
of Oonvolvulu8 ",.ven8i .• and Euphorbia e8ula. 
The results (table 17 and figs. 2 and 3) indicate the following 
with regard to the seeds of the four spe·cies studied. 
Convolvulus arvensis. Concentrations below 10.5 percent 
unfavorable; from 21 percent to 53 percent, favorable; above 
53 percent, unfavorable. Impermeable seeds of bindweed were 
not affected by changes in the amount of oxygen. 
Euphorbia esula. Concentrations either above 21 percent or 
below 10.5 percent were unfavol'aJble. 
Lepedium draba. Concentrations below 10 percent, unfavor-
able; from 10 percent to 53 percent, favorable; above 56 per-
cent, unfavor3Jble. 
Sola'YIIUm carolinense. Concentrations below 10.5 percent, 
unfavorable; 36 percent to 62 percent, favorable; above 62 per-
cent, unfavorable. 
LONGEVITY OF SEEDS BURIED IN THE SOIL 
In the fall of 1935 ·one lot of field run and one of imperme-
able seeds of Convolvulus arvensiscollected in 1935 were pre-
pared for a seed-lburial experiment together with seeds of 
Ettphorbia esula, Centau1'ea repens, Solanttm carolinense and 
Lepidium draba. The seeds of Euphorbia esUla were collected 
in 1934 and those of Solanum carolinense in 1935. Seeds of 
the other two species were collected in California in 1934. Each 
lot -of seed was divided into two portions, one for burial at 
-"99 
4-6 inches in depth, the other 16-18 inches in depth. The 
seeds were packed in small vials containing a 3 to 1 mixture 
of finely sieved compost and clean sand. The vials were fitted 
with perforated caps and placed in fruit jars, which were then 
filled with soil from the trench in which they were to be buried. 
The jars were covered with perforated lids and inverted in 
the trenches so that in one set. the vials were 4 to 6 inches and 
in the ot.her 16 to 18 inches from the surf~ce of the soil. Enough 
jars were prepared for each set so that a test could be made 
each year for at least 20 years. 
One jar from each depth was removed in 1936, one in 1937 
and one in 1939 and the seeds tested for germination. In most 
cases, at least 300 seeds were used for the test of each species 
each year. 
In 1936 more seeds were prepared and added to the experi-
ment including those of Convolvulus arvensis, Centaurea rep ens, 
Centaurea calcitrapa, Centatwea solstitialis, Lepidiurn drab a, 
Lepidiurn repens, Hymenophysa pubescens and Solanurn elaeag-
nifoliurn, all from California. The only difference in burial 
of the seeds prepared in 1936 from the procedure in 1935 was 
that a hole was drilled in the bottom of each fruit jar. 
The results -of the germination tests (on blotters) using seeds 
removed from the jars at different times together with the per-
centage germination when collected are given in table 18. 
IOOr-----r----.-----.-----.-----.----.-----~----~--~ 
De'::.e~ed oxygen I Increased 
I 
I 
°O~~~~---2~o*I--~3~O~--~4~O~--~5~O~--6~O~--~~--~--~9~O 
CONCE.NT~IION OF OXYGE.N 
Fig 3. Effect of various oxygen pressures on the germination of seeds of 
L cpidium dmba and Solanum caro/inenae. 
000 
The data are somewhat difficult to interpret. Both lots of 
the Convolvulus arvensis seed buried in 1935 showed a marked 
increase in permeable seeds and in normal seedlings, more so 
at the 4-6-inch depth than at the 16-18-inch depth, indicating 
that seeds buried near the surface became permeable more rap-
idly than those buried deeper. In 1937, however, seeds from 
these same lots when removed from the soil contained a higher 
percentage of impermeable seeds than in the previous year but 
less than initially. Four years after burial, 1939, the first lot 
was in about the same condition as in 1936, 1 year after burial, 
as f.ar as germinable seeds (normal seedlings) are concerned, 
but the second lot, which initially contained 100 percent im-
permeaJble seeds, showed a high reduction in impermeable seeds 
at both soil depths with no increase in germinable seeds as com-
pared with the seeds 1 year after burial. Either the seeds that 
had become permeable the first year of burial had died and 
were replaced by impermeable seeds that developed permeability 
or some of the impermeable seeds died. Possibly a difference 
in the amount of moisture in the small vials affected viability. 
The third lot of seeds of C. arvensis buried in 1936 showed a 
marked decline in impermeability by 1937 at ,both soil depths, 
but by 1939 the lot buried at 4-6 inches had changed from 27 
to 75 percent in impermeability while at 16-18 inches imper-
meability had declined to 1 percent, and normal seedlings had 
increased from an initial of 12 to 41 percent. The increase in 
impermeability of seed of the first and second lots from 1936 
to 1937 at both depths and of the third lot from 1937 to 1939 
at the shallow depth suggests a reversible condition unless 
moisture conditions were so ununiform in the several jars as 
to affect individual vials differently. At any rate, impermeable 
seeds of Convolvulus arvensis appear to be able to retain a 
considerable degree of viability and of impermeability for at 
least 4 years in the soil. 
Seeds of Lepidium drab a declined rapidly in 3 years' time 
to zero vitality, and seeds of two closely related species, Lepid-
ium repens and Hymenophysa pubescens, also declined rapidly 
when buried at a depth of 4-6 inches. At a depth of 16-18 
inches vitality was reduced Ibut to a less degree. 
Seeds of Euphorbia esula retained their vitality fairly well 
at both depths of burial, indicating some degree of longevity. 
Of the species of Centaurea, C. rep ens showed considerable 
resistance to burial in one lot, but in the second lot with an 
initial vitality of 90 percent its viaJbility was reduced to 7 
percent at the shallow depth. Seeds of C. calcitrapa and C. 
solstitialis were reduced in vitality from about 90 to between 
1 and 10 percent within 3 years. 
The seeds of the genus Solanum are of interest in that 
---- -----
TABLE 18. GERMINATION OF WEED SEEDS BURIED I:r-. 1935 AND 1936 AT TWO DEPTHS, AMES, IOWA 
I Percentage Percentage germination by years 
viable 
Kind and description I Year wben 1936 1937 1939 
buried collected' 4-6" 16-1R" 4-6" 16-18" 4-6" 16-18" 
N-D N-D** N-D N-D N-D N-D N-D 
Convolvulus arvensis bulk lot ________________ . 1935 2-93 34 63 19 73 13 73 13 76 27 54 28 54 C. arvensis (Selected) __________________________ 1935 ()-]oo 43 56 27 70 13 85 16 80 47 4 22 1 C. arvensis (California) _______________________ 1936 12-80 
-- --
46 27 61 16 19 75 41 1 Lepidium draba _____________ : __________________ . 1935 80 ~4 
--
77 
--
23 
--
81 
--
0 
--
0 ~ L. dra ba _____________________________ -__________ 1936 54 37 52 0 0 0 
- -- -- -- -- -- -- I-' L. repens _______________________________________ 1936 98 
-- -- -- --
86 
--
78 
--
18 
--
52 Hymenopbysa pubescens _______________________ 1936 15 
-- -- --
15 
--
13 
--
2.5 
--
9 Eupborbia esula ________________________________ 1935 69 61 
--
69 
--
42 
--
68 
--
61 
--
68 Centaurea repens _______________________________ 1935 61 68 
--
36 
--
32 
--
32 
--
40 
--
56 C. repens _____________________________ -- ---- ---- 1936 90 
-- -- -- --
35 
--
48 
--
7 
--
79 C. calcitrapa ___________________________________ 1936' 90 
-- -- -- --
48 
--
44 
--
9 
--
4 C. solstitialis ___________________________________ 1936 86.5 
-- -- -- --
23 
--
22 
--
1.5 
--
4 Solanum elaegnlfolum _________________________ . 1936 29-66 35 48 50 65 S. carolinense _______________ -_____ -_____ -_______ 1935 86- 6 59 31 62 33 39 28 14 0 98 00 0.5 
*First figure--normal sprouts, second-dormant or bard. 
**D-dormant or hard. Hard refers only to OonvolvuluR urvensi.. I n other species the figure means fresh ungerminated. 
6D2 
dormancy appeared to be prominent either at the start of the 
test or later. In the case of S. elaeagnifolium dormancy ap-
parently was broken within 3 years, and the total vitality was 
reduced. Seeds of S. GGlrolinense, which showed only 6 percent 
dormancy at the time of burial, showed an increase in dormancy 
after 1 year, and a marked loss of vitality at the lower depth 
of burial. After 3 years the vitality at 4-6 inches was high 
but nearly zero at 16-18 inches. 
These data suggest that, from the standpoint of seed long-
evity, the weeds included in this study are not equally noxious. 
PRODUCTION OF SEEDLINGS BY SEEDS PLANTED AT DIFFER· 
ENT PERIODS OF THE GROWING SEASON 
In 1936 some seeds of Convolvulus arvensis treated with 
H 2S04 and seeds of Lepidium draba, Solanum carolinense, Cen-
taurea rep ens and Euphorbia eS1da were planted in the field at 
Ames, Iowa, at intervals of 2 weeks starting April 25 and end-
ing Sept. 26. Twelve rows, each with 100 seeds, were used at 
each planting for each lot of seeds except for Et~phorbia esula, 
where only one row was planted. Counts were made in the 
plot throughout the summer to determine the mean number of 
seedlings that appeared for each lot at each planting. The lots 
of Convolvulus arvensis, Solant~m carolinense and Euphorbia 
esula were harvested in 1935, and those of the other two species 
were obtained from California and were collected in 1934. 
Seeds of Convolvulus arvensis produced by far the most seed-
lings, especially in the early part of the season (table 19). In 
JUly and early August when there was lack of rainfall the 
germination was poor, but the greater adaptability of this spe-
TABLE 19 . FIELD GERMINATION OF SEEDS OF FIVE NOXIOUS 
WEEDS PLANTED AT 2-WEEK INTERVALS. AMES, IOWA. 1936 
Mean number seedlings from 100 seeds in 12 rows of each 
Kinds of seeds 
Date 
Oonvolvulus Lepidium Solanum Oentaurea Euphorbi a 
arvensis draba carolinense repens esnla 
4/ 25. _ .... _ ............ _ 70 .8 9.7 19.8 0 0 
5/ 9_ . ................. _ 61.1 0 .8 2.4 0 1 
5 /23 .......•.••.......•. 60.2 0.9 4.6 3.3 0 
6/6 .................... _ 75 .8 4.9 3.4 11.3 0 
6/ 20 ............ ....... _ high 7.3 4.3 12.9 0 
7/4. ...... ....... _ ...•.. scanty 8.5 7.7 17.3 2 
7/18 ............ . ...... _ fa ir 8 .0 10.0 24.5 1 
~~~5== ====== == = == ==== = =:1 19.6 11.4 8.3 24.1 1 43.1 11.8 18.3 27 .9 1 8/29 ................. __ '1 45.6 12 .8 26 .6 30.0 20 
9/12 .................. '_ 57.8 no count 0 0 0 
9/26 ....... _ ........... _ '43.8 56.9 0 0 (I 
5 
If) 
ILl 4 
1: 
U 
~ 
~ 3 
§ 
~ 2 
f--
0: 
U 
\!cll 
n. 
o 
()03 
Apri I May May June June July July Aug Aug AUg. 5ep. 
e5 9 23 G 20 4 18 I 15 29 Ie 
~ ~ ~~ ~ ~ ~ I 0 I ( ~ ~ I' ;t t\ / LI "- ~ t- I , ~ ~~ ! '\ , 
-& ./ ~ t' ( , "- ...-: -f'- ~~ \ / : ~ I 
" 
f\ !'Ii \ 
--... 
I 
~ (~ 1\ ~ \ 
I' kl ( U~nd 
I ~ 5+em , Lat~roo-t 
' ~ 
I' 
•• II" 1,1 LI I, I II .Ir 
0 
10 
If) 
ILl 
1: 
eo u ~ 
!: 
30 II) 
f--
~ 
40"-0 
1: 
t9 
50 Z 
ILl 
.J 
60 
70 
Fig, 4. Length of roots from individual plants of 0 , W'veMS, grown from seed 
planted at 2-week intervals in 1936, compared with the precipitation. 
cies to wider ranges in temperature and moisture than was 
noted for any of the other species is clearly shown in the table. 
Seed of Euphorbia eS1~la apparently were the least aJble to 
germinate and produce seedlings, while those of Lepidliurn 
drab a, Solant~rn carolinense and Centau1'ea repens were inter-
mediate. In general the seeds of the intermediate group pro-
duced more plants in the middle and latter period of the sum-
mer than in April and early May. 
ESTABLISHMENT AND GROWTH OF SEEDLINGS 
In October and November, 1936, an examination was made 
of the area in which the seeds listed in table 13 were planted. 
Plants of all five of the weeds were well established, although 
only one planting of Euphorbia estda produced plants. Some 
of the plants of Solanum carolinense blossomed and produced 
fruits and seeds as mentioned earlier in this paper. 
To obtain some knowledge of the extent of root development 
by the bindweed, one excavation was made in one row of each 
planting date. The roots of one plant were carefully removed 
and measured. In one case the root system of a plant from seed 
planted July 18 penetrated to a depth of 67 inches. Figure 
4 shows graphically the growth of roots made by plants that 
grew from seeds planted at different times in 1936. It should 
not be assumed that one plant represented the average for a 
row but rather that it shows how far the roots of bindweed 
seedlings may penetrate in one season. 
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